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Toxic Logic 


door and lose the key.” “Dust is present, 

therefore a hazard exists.” “This man has 
worked here the last 40 years without a sick day 
in his life: the place must be safe.” “Carbon tetra- 
chloride is less toxic than gasoline.” “Gasoline is 
less toxic than carbon tetrachloride.” “Air an- 
alyses don’t mean a thing—the conditions change 
every day.” “Toxic limits are valueless—they are 
all based on animals.” 

These and many another loose statement have 
been made and repeated on every side. The closer 
to the truth the statement is—without actually 
hitting the bull’s eye—the more misleading the im- 
pression is apt to be. A general assertion about a 
scientific fact can often appear logical, even though 
it is essentially erroneous, by presenting only a 
portion of the whole situation. By the application 
of sound common sense to the use of toxic limits 
for the interpretation of air analyses, the indus- 
trial hygienist can utilize a valuable tool for the 
more effective and more economic control of oc- 
cupational disease exposures. 

A well-rounded presentation of the value of 
toxic limits, their practical purpose and the limita- 
tions of their use has been prepared for this issue 
by one of the world’s most eminent industrial 
hygienists. His views are based on a wealth of 
experience in the field and an extensive knowledge 
of the literature. He is in excellent position to 
evaluate the reliability of toxic limits which have 
so far been published, as most of the actual experi- 
mental work has been done on them during the 
period of his active participation in industrial hy- 
giene. Where the toxic limits of a number of 
organic solvents were determined on the basis of 
several hours’ experiment on a small number of 
guinea pigs during the first decade of the century, 
he visualizes the results, not as figures on a pub- 
lished table to be blindly accepted, but as a group 
of experiments, the findings of which were pub- 
lished in detail as current literature earlier in his 
career. 


(Teco the dust counters into a closet, lock the 
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The fallacy of the statement that “carbon tetra- 
chloride is more toxic than gasoline” is that this 
does not apply to prolonged exposure but was based 
on brief animal experiment. To be sure, the litera- 
ture states that only 2.2% of gasoline vapor in air 
will cause death whereas 4.8% of carbon tetra- 
chloride is required to produce this result, but 
these findings are based on the concentration which 
kills a cat in 30 minutes. Where there is prolonged 
exposure, such as is contemplated in industrial 
occupation, it has been shown that carbon tetra- 
chloride concentrations should be kept appreciably 
below those considered safe for gasoline vapor. 

Dr. TELEKY’s observations are the results of his 
own experiences and may not represent exactly 
the views of all our readers whose contact with 
the occupational disease situation may be from a 
different angle. The point of view of those who 
approach industrial hygiene in its various phases 
will be weicomed in connection with the conclu- 
sions expressed in Dr. TELEKY’s paper. 

A real endeavor should be made to utilize this 
tool further. The difficulty of not having data on 
exposures over long periods of a worker’s employ- 
ment, referred to by Dr. TeLtexy, should be pro- 
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vided for ahead of time by keeping on record aver- 
age and representative exposures at potentially 
hazardous occupations from month to month or 
year to year depending on the nature of the opera- 
tion. 

An increasing number of industrial concerns 
and those engaged in mining are obtaining and col- 
lating just such data. Not only are these data of 
value in checking exposures, but they will also 
afford more exact and reliable information on 
which to base toxic limits. 

The development of methods for the quick and 
easy determination of injurious materials in air 
is a long step in the right direction. The caution 
referred to by Dr. TELEKy is to be observed, but it 
is only by use of methods which short-cut laborious 
laboratory procedures that we can hope for the 
mass of data required for positive conclusions. 

Appreciate the value of toxic limits but, in mak- 
ing use of them, do not fail to observe their limita- 
tions. 

We commend Dr. TELEKy’s paper to your criti- 
cal attention with the thought that for the full 
utilization of the toxic limit, one must apply the 
logic of practical common sense. 


Economy in the Design of Exhaust Systems 


THEODORE HaTcH,* 
Division of Industrial Hygiene, 
New York State Department of Labor 


associated with manufacturing processes 

may properly be regarded as a basic part of 
the production cost and is generally accepted as 
such today. This is in contrast to an earlier view 
that such costs represented an unnecessary addi- 
tion to plant overhead. Too frequently, control 
equipment was installed in the past simply to 
satisfy some regulatory body and the main criter- 
ion.was cheapness, without regard to efficiency. 
Little attention was paid to the essential engineer- 
ing details of design and, as a consequence, money 
was wasted without getting the desired results. 
In general, the low initial cost was found to be off- 
set by high operating cost due to excessive power 
consumption which made the equipment too cost- 
ly to operate. The application of sound engineer- 
ing principles to the design of control equipment 
however has demonstrated that good results can 
be obtained and, at the same time, that relatively 
great savings can be effected in the installation 
and operating costs. It is the purpose of the pres- 
ent paper to discuss in particular economy in the 
design of exhaust ventilating systems but the 
value of other more fundamental control measures 
must not be overlooked. For example, the substi- 
tution of a non-toxic substance for hazardous ma- 
terial or changing the process so as to reduce the 


Te cost of controlling the health hazards 


* Now Associa*e Professor of Industrial Hygiene, University of Pennsyl- 
vania. Presented at the First Annual Meet'ng of the AMERICAN INDUSTRIAL 
Hyciexst Association, New York, June 5, 1940. 


rate of dispersion of the offending substance or the 
use of mechanized processes in place of manual 
operations are all basic improvements which may 
eliminate the need for ventilation or, at least, re- 
duce the work which the ventilating system is re- 
quired te do. The extent togwhich such changes 
can be made will depend upon the cost as com- 
pared with the savings effected. In certain cases 
where the hazard is a serious one, the substitution 
of a non-toxic material may be justified in spite of 
the higher direct cost. 

The cost of operating an exhaust system in- 
cludes the carrying charges on the initial invest- 
ment, the depreciation and maintenance charges, 
the power cost and the extra heating expense im- 
posed by the increased ventilation. In some cases 
there will be an additional labor charge because 
of the interference with production by the venti- 
lating apparatus. Much can be done to reduce the 
costs of maintenance, power and heat through 
proper design and construction of the exhaust sys- 
tem. In many cases these savings can be effected 
without materially increasing the initial cost of 
the system and such savings therefore represent 
clear gain. In others, however, operating costs 
can be reduced only by increasing the initial ex- 
penditure for the control equipment and the most 
economical system must be determined by balanc- 
ing increased carrying charges against savings. It 
is not the purpose of the present paper to analyze 
actual costs but rather to consider a number of 
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good engineering practices, the application of 
which will reduce the cost of operating exhaust 
systems. 


Power Consumption 


HE power consumed by an exhaust system is 
determined by the product of the rate of air 
flow and the overall resistance of the system and 
is further influenced by the efficiency of the fan, 
thus 
Qh 
6350 E,,, 


Where BHP=brake horsepower 
Q=rate of air flow, cfm 
h=overall static resistance, ins.w.g. 


E,,,, =static efficiency of fan 


fan 


Anything that can be done to reduce Q or h or in- 
crease E;,, reduces the power consumption. In 
general, the horsepower required is not great for a 
single system and, since the overall resistance does 
not exceed a few inches of water, a quarter of an 
inch of extra resistance here or there or the use of 
a few hundred cfm excess air flow is not regarded 
as serious. Relatively, however, these small extra 
values may be of great importance and proper at- 
tention to details will result in a reduction in 
power consumption of 25% or even more, which 
for a large establishment, becomes a major sav- 
ing. In the small plant it is of greater relative im- 
portance although as an absolute value it will not 
be striking. For industry as a whole, it becomes 
of very great consequence. In New York State, 
for example, approximately 10 million cfm of ex- 
haust ventilation was installed in 1939, requiring 
nearly 10,000 H.P. An average saving of 25% 
would reduce the power cost many thousands of 
dollars. 


Design Requirements for Minimum Raie of Air 
Flow 


HE minimum value of Q for a particular ex- 
haust system equals the sum of the rates of air 

flow required for the several hoods. A fan capacity 
in excess of this must be provided, however, to 
make up for the lack of balance in the system 
which requires that the rate of air flow through 
hoods near the fan be increased above the mini- 
mum in order to maintain the necessary flow 
through the remote hoods. In a poorly constructed 
exhaust system additional fan capacity must also 
be provided to counteract the leakage at pipe 
joints. 

Thus, the design requirements for minimum 
rate of air flow are: 

1. High hood efficiency (minimum rate of air 
flow per hood) 

2. A balanced system 

3. Tight construction 

In spite of the fact that empirical methods are 
generally employed in hood design it is possible to 
consider hood performance requirements from a 
fundamental standpoint and from this to develop 
many useful ideas, the application of which lead 
to improved design and reduced air flow require- 
ments. 
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The function of an exhaust hood is to create in 
the zone of generation or release of the contami- 
nant air velocities toward the exhaust opening of 
sufficient magnitude to overcome the forces tend- 
ing to disperse the substance into the atmosphere 
and thus to draw it into the exhaust system. It 
follows that the hood velocity requirement will 
be decreased by any action which reduces the 
magnitude of the dispersive forces. 

With respect to the forces of dispersion, I have 
pointed out elsewhere’ that dynamic dispersion of 
dusts, that is, dispersion by virtue of the kinetic 
energy of the dust particles themselves, is not of 
consequence except in the case of relatively large 
particles (> 20u) and that microscopic particles 
(<10u) are scattered only by virtue of the move- 
ment of the air in which they are suspended. 

Thus, the control of fine dust is not a matter of 
removing the dust itself from the air but rather 
of collecting the dust-laden air. This is also the 
case with vapors and gases. Hence, it is the air 
movement in the zone of generation of the con- 
taminant, created by the process or otherwise, 
which must be overcome by the exhaust hood. 

There are many sources of disturbing air mo- 
tion which can be attacked directly with beneficial 
results. These have been summarized elsewhere” 
and only a few examples will be cited here to il- 
lustrate their importance in hood design. 


1. Air is displaced when crushed rock falls through 
a chute into a container or onto a belt. the air move- 
ment taking place in the direction of flow of the ma- 
terial. The amount of air displaced varies with the 
distance of fall, particle size of the rock and the rate 
of flow of the material, and also depends upon the 
resistance to air flow imposed by the system. In one 
case, actual measurements showed that the rate of air 
displacement amounted to fifty times the volumetric 
rate of flow of rock with outward air velocities from 
the container being filled of the order of 300 fpm in 
one case and 1100 fpm in another. The rate of air 
displacement can be cut down by reducing the area 
of openings through which air enters the system, by 
breaking up the fall of the rock or by keeping the 
lower part of chute full of rock. A surge chamber at 
the bottom of a chute just above a conveyor belt with 
a floating gate, as shown in Fig. 1, will practically 
eliminate the outward escape of air and reduce to a 
minimum the dispersion of dust. 

2. Air motion is created by rotating and recipro- 
cating machine members on the process itself or on 
nearby machinery. Proper shielding of such parts 
will reduce the rate of air displacement. A striking 
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FIG. 1. 
Dustless Ore Chute 


| 

or 

ns 

ol- 

of 
lso 

on 
and 

air 
t it 
ous 
the 
ak- 
ita- 
iti- 

ull 
the 
the 

ual 
ay 

re- 
ges 
om- 

ion 
e of 

in- 
est- 
pes, 
im- 
Ses 
use 
nti- 
the / 

gh / 
ted 
osts 
ex- 
of 


Page 56 


example of this source of air motion was seen in a 
cable covering and impregnating machine. The ro- 
tating spool for applying the spiral cover was located 
adjacent to the hot asphalt impregnating tank and 
the strong fan action of the revolving wheel dissi- 
pated the asphalt fumes with considerable velocity. 
A shield between the two greatly reduced the hood 
velocity requirements. 

Another example, familiar to all, is the common 
grinding wheel which actually blows air out of the 
exhaust hood in spite of the strong inward suction. 
A scalping vane, as shown in Fig. 2, was found to re- 
duce the adverse fan action greatly, although its prac- 


FIG. 2. 
Scalping Vane to Improve Action of Gringing 
Wheel Hood 
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tical application to grinding wheels is doubtful, owing 
to the need for frequent adjustment as the wheel 
wears. 

Convection currents set up by a hot process may 
increase the ventilation requirements. In a study of 
steam tank ventilation, for example, steam-laden air 
was found to escape out from under a canopy hood 
over the tank when the ventilating rate was under 
800 cfm although the volume of steam generated was 
less than 50 cfm. Thus, a vertical flow of room air 
of some 15 times the rate of steam generation was 
created immediately around the tank. Suitable in- 
sulation of the tank would have reduced the strength 
of the convection currents greatly and with it the 
required ventilation rate. 

3. Leaky compressed-air operated tools are fre- 
quent offenders and may create relatively great air 
velocities in the zone of dust generation. The leakage 
of air out around the shank of the pneumatic granite 
surfacing tool sets up a strong air blast onto the stone 
immediately adjacent to the cutting area and thus 
scatters the dust. A baffle disk on the shank of the 
tool eliminates this, or better, a series of vents around 
the chuck chamber itself directs the air away at a 
point well above the stone thus decreasing the vel- 
ocity of dust dispersion. 

4. The hood velocity required to overcome the dis- 
persing force can be reduced in certain instances by 
increasing the distance over which the opposing 
velocity works (since work equals force times dis- 
tance). Thus, spray booths should have sufficient 
depth to minimize the escape of spray materials due 
to rebound. Inspection openings in the walls of en- 
closures may be provided with side baffles to make a 
tunnel-like opening instead of a simple orifice, as 
shown in Fig. 3. Theoretically, if the distance over 
which the controlling velocity acts is doubled, the 
velocity itself may be reduced some 30% for equally 
effective control. 

5. Uncontrolled drafts and convection currents in 
the work shop may produce needless dispersion of the 
contaminant. In a study of degreasing tanks‘ the 
need for eliminating such disturbing currents was 
clearly shown. In this connection, special care may 
be required in locating intakes for the entrance of 
make-up air into the room to minimize disturbance. 


The foregoing examples are illustrative of the 
measures that can be taken to reduce the work to 
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be done by exhaust hoods. The controlling velocity 
finally required is preferably determined by di- 
rect experimentation which yields a correlation 
between the rate of ventilation and the concen- 
tration of contaminant in the breathing zone. The 
expense involved in such studies is not great com- 
pared with the benefits derived therefrom and 
only by means of data thus collected can hood de- 
sign be placed upon a fundamental basis. The vol- 
ume of literature on this subject is increasing but 
much remains to be done by the various organiza- 
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FIG. 3. 
Tunnel Baffles on Inspection Openirg to Increase 
Distance over which Velocity Acts 


tions concerned. It is especially recommended 
that the ventilation requirements of particular 
machines be investigated by the manufacturers 
themselves who will then be in a position to make 
definite recommendations to the purchaser. 
Hood Efficiency 
eres rate of air flow through the exhaust hood 
required to develop the controlling velocity 
in the zone of generation or release of the con- 
taminant depends upon the degree of enclosure 
around the process, or the closeness of the hood 
face to the area over which the contaminant is 
released and the opportunity for air to be drawn 
from areas other than the area of contamination. 
These factors combine to determine the aerody- 
namic efficiency of the hood which may be de- 
fined as the percentage ratio of the volume of air 
which does useful work to the total volume of air 
flowing into the hood. Although it is not possible 
to describe the air flow characteristics of compli- 
cated hoods, much useful information may be had 
from a study of the velocity contours of simple, 
unobstructed suction openings which have been 
described fully by DallaValle.® 
Of greatest importance among the flow charac- 
teristics is the relation between velocity and cen- 
ter line distance from the hood face which may be 
defined approximately by the equation 
0.1Q 
X2+0.1A 
Where V=velocity at X distance out along center 
line, fpm 
Q=rate of air flow through hood, cfm 
X=distance out, feet 
A=area of hood opening, sq.ft. 


According to this equation, the velocity varies 
inversely with the square of the distance, which 
emphasizes the need for bringing the hood face as 
close as possible to the point of work. For exam- 
ple, Q may be quartered for a given controlling 
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velocity if the c.-tance X to the point of genera- 
tion of the contai..:nant is reduced by one-half. 

A second factor to be noted is the relative un- 
importance of the velocity at the face of the hood 
which is found to have little influence upon the 
velocity any appreciable distance in front of the 
hood. It is the rate of air flow and not the face 
velocity which is important. From this, it may be 
said that for a given value of Q the face velocity 
should be made as low as possible by increasing 
A, the area of the hood opening. This has the ad- 
vantage of establishing flat contours directly in 
front of the hood, and improves the hood efficiency 
by increasing the percentage of useful air flow. 

The value of side baffles to reduce the air flow 
from ineffective areas back of the hood face has 
been demonstrated not only by studies of the ve- 
locity contours but also by direct experiment. Re- 


FIG. 4. 
Internal Baffles 
on Spray Booth 


ductions in air flow of 25% or more have been 
effected through the proper use of baffles. Inter- 
nal baffles, as illustrated in Fig. 4 are said to im- 
prove the flow pattern in the same way. They are 
also effective in decreasing the turbulence and 
eddying at the huod edge which may decrease hood 
efficiency® and are of value in controlling rebound 
from within the hood, as in a spray booth.” 

These flow characteristics apply to the free- 
hanging hood. They are also applicable to lateral 
hoods and other semi-open conditions. In general, 
however, the objective in hood design is to pro- 
vide an effective enclosure around the process and 
to such hoods the above laws do not apply. For 
high hood efficiency the enclosure must be as com- 
plete as possible and the controlling openings 
should be kept away from the major source of dis- 
turbance within the enclosure. In this way the 
unequal pressures that are built up will not create 
a high outward velocity through the openings. 

The foregoing is not a complete summary of the 
design requirements for high hood efficiency, but 
it serves to direct attention to the fundamental ap- 
proach through which savings may be effected. 


Design of Exhaust Systems for Balanced Flow 


N A balanced exhaust system the rate of air 
flow through each hocd equals or approximates 
the flow required by the hood design with no sig- 
nificant increase in the air flow rate for the hoods 
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near the fan. In the common high-velocity sys- 
tem, however, the pipe sizes are simply calculated 
to give a uniform velocity (the so-called area-load 
method of design) throughout the system. The 
unequal distance of travel from the fan to the vari- 
ous hoods with a consequent difference in resist- 
ance leads to an unbalanced distribution of flow. 
The increase in the total rate of air flow required 
to insure the minimum flow in the remote hoods 
amounts in some cases to 30% or more. In order 
to improve the balance, an effort is made to pro- 
vide a pipe layout symmetrical about the fan with 
not unusually long branch pipes and thus to equal- 
ize resistance. Blast gates may be used for a final 
adjustment although they cannot be depended 
upon permanently owing to wear and improper 
manipulation. It is a relatively simple matter to 
secure a balanced design in a system used for the 
removal of gases since the pipe velocities are un- 
important and can be adjusted as required to com- 
pensate for the differences in resistance. In a dust 
exhaust system, on the other hand, the velocity 
cannot be reduced below that required for trans- 
porting the collected dust and all adjustments in 
pipe velocities must therefore be made in the 
range above this limit. 

The following steps should be followed so far as 
possible to approximate a balanced design: 


1. Provide for a symmetrical layout with minimum 
variation in the length of branch pipes and the short- 
est possible run of main pipe. Two or more systems 
may sometimes be employed profitably in place of 
one large system to give greater symmetry and bal- 
ance. 

2. Employ a lower velocity in the main exhaust 
pipe than in the branches. The effect of this is to 
make the branch pipe resistances relatively great as 
compared with the header resistance and thus to 
minimize the effect of the greater distance of travel 
to the remote hoods. It is common practice to in- 
crease the main pipe area 20% over the “area-load” 
for this reason and the same practice may be applied 
to long branch pipes.§ 

3. Increase the velocity in branch pipes near the 
fan by reducing branch pipe diameters and thus in- 
crease the resistance to compensate for the lesser 
distance of travel to the fan. This can be done by 
means of simple hydraulic equations of flow.2 The 
effect is the same as that given by adjustable blast 
gates but the method is to be preferred owing to the 
fact that the adjustments are not subject to further 
manipulation and will not wear away. 


The unequal resistance in the various parts of 
an exhaust system results primarily from the fact 
that high pipe velocities are required for trans- 
porting the collected material. The most effective 
design for balanced flow therefore is one that does 
not make use of pneumatic conveying of the col- 
lected material. No branch or main pipes are used 
and the dust falls by gravity into a low-velocity 
plenum chamber from which it is removed by a 
mechanical conveyor. Since the negative pressure 
is practically uniform throughout the chamber, the 
rate of flow through each hood is dependent only 
upon the size of the opening. This method of de- 
sign has many other advantages® which justify its 
use in spite of the higher initial cost as compared 
with that of a conventional high-velocity system. 
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Design Requirements for Low Resistance 

HE overall resistance of an exhaust system is 

the sum of the pipe friction and the losses at 
the entrance to hoods, in elbows, pipe junctions, 
transition pieces, through air-cleaning equipment, 
the terminal discharge and other parts of the sys- 
tem. The resistance set up by these several parts 
varies with the square of the air velocity and it 
follows, therefore, that the greatest saving in re- 
sistance is given by reducing the pipe velocity. 
Dropping from 4000 to 3000 fpm, for example, will 
lower the resistance approximately 50%. Vapors 
and gases are conveyed at any velocity and the 
optimum value is determined by striking the eco- 
nomic balance between the cost of the piping and 
other construction costs and power saving. Stand- 
ard equations have been developed for this pur- 
pose.'° In dust exhaust systems, greatest savings 
are effected by eliminating the need for pneumatic 
conveying. 

The equipment has an overall resistance of 
approximately 3%” as compared with %” in a con- 
ventional system for the same work and the power 
consumption is only 3 HP whereas it was 22 HP 
in an earlier high-velocity system which it re- 
placed. 

Even in high-velocity systems much can be done 
to save power through more careful consideration 
of the transporting velocity requirements. It is 
common practice to use a value of 4000 fpm for all 
dusts without regard to particle size, specific grav- 
ity or loading and to make no distinction between 
vertical and horizontal conveying. Velocities of 
this magnitude and even higher are required for 
certain materials but others are conveyed success- 
fully at much lower speeds. Laboratory tests in- 
dicate that dried stone dust of the size encountered 
in industry can be moved at 2000 fpm end veloci- 
ties of this magnitude are known to give satisfac- 
tory performance in several industrial installa- 
tions. On the other hand, laboratory and field ex- 
perience indicate that for wet material the velocity 
must be increased greatly. Above a certain mois- 
ture content there is no practical velocity that will 
prevent settlement. Fine wood dust, as generated 
in a cabinet shop, is conveyed successfully at 2000 
fpm whereas heavy wet wood cuttings require a 
velocity of 4000 fpm or more. It is not my intention 
to recommend the general use of lower velocities 
than are now employed and even required by 
codes but simply to point out that it can be done 
safely in many instances with marked savings in 
power. There is need for a critical study of past 
experience in this connection and a more basic 
evaluation of the problem in the interest of econ- 
omy and good engineering practice. 

The design of piping and fittings for low resist- 
ance follows well-known lines. Hood losses are 
minimized by providing stream-line connections to 
the branch pipes. An increase in the hood coeffi- 
cient from 0.7 to 0.95, which is wholly practical in 
many instances, decreases the entrance loss from 
1.0 VP to 0.11 VP, an improvement of 90%. Elbows 
are constructed of five or more pieces or even 
stamped out to form a continuous curve and are 
given a centerline radius of 1.5 to 2.0 diameters, 
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in order to minimize the elbow resistance. Junc- 
tions of branch with main pipes should be made 
at a gradual angle and preferably in streamline 
form. The junction loss for an angle of 15° is only 
40% of the loss for an angle of 45°. Enlargement 
sections must be tapered rather than abrupt and 
for best results should have an included angle of 
7°. Entrance and outlet pipes to filter houses 
should be provided with tapered transition pieces 
rather than abrupt connections. This reduces the 
losses at these points approximately 50%. 

A badly designed weather cap introduces an un- 
necessary resistance which is greatly reduced 
through proper design. The use of a discharge 
chimney is recommended to recover part of the 
discharge velocity pressure. A saving of %” or 
more, representing, in some cases, 10% of the 
overall resistance of the system, can be affected 
by this means alone. 

The air-cleaning equipment accounts for a major 
portion of the system resistance and its design and 
capacity must therefore receive careful considera- 
tion. In the case of cyclone collectors, many spe- 
cial designs have been developed which offer low 
resistance but one finds frequently that dust col- 
lecting efficiency has been sacrificed in order to 
save power. This must be kept in mind when 
selecting a collector of the cyclone type. For the 
common type, the optimum capacity is obtained 
with an inlet velocity of 4000 fpm. For capacities 
above this value the resistance is greatly increased 
without improving the efficiency while the saving 
in resistance at lower capacities is offset by re- 
duced efficiency. In the case of cloth filter col- 
lectors, the resistance is directly related to the 
ratio of capacity to cloth area and the latter must 
be carefully determined for each installation if 
high resistance is to be avoided. Mathematically, 
the resistance varies with the square of the filtering 
velocity and directly with the loading and re- 
sistance coefficient of the dust’! according to the 
following equation: 


Where h= increase in filter resistance, ins., w.g. 
r=coefficient of resistance of the dust, which 
varies markedly with particle size 
and porosity 
L=dust loading, grains per cu.ft. 
t=time of operation since last cleaning, min- 
utes 


This equation has limited application to filter 
design at the present time owing to lack of data 
pertaining to L and r. Its greater use is to be 
recommended, however, in the interest of power 
saving on the one hand and optimum filter cost 
on the other as demonstrated by Hemeon.!” 

The manufacturers of air-cleaning equipment, 
through their experience, are prepared to make 
specific recommendations with respect to the type 
and size of equipment required for each installa- 
tion. 

Fan Selection 


HE selection of the most efficient fan with 
respect to type, size and speed depends upon 
the capacity and static pressure to be developed 
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an also upon the nature of the material to be 
handled. The leading fan manufacturers have 
developed efficient fans for a great variety of 
duties and are prepared to make specific recom- 
mendations for every installation. Full use of 
their service will result in significant power sav- 
ings. 

Summary 


HE cost of controlling atmospheric contami- 

nants released by manufacturing processes by 
means of exhaust ventilation includes the carry- 
ing charges on the initial investment, maintenance 
costs, the cost of power and extra heat, and in some 
cases, an extra labor charge resulting from in- 
terference with production by the control equip- 
ment. The most economical design of an exhaust 
system is one which balances the carrying charges 
against the operating costs to give a minimum 
value. The present paper considers the various 
design factors which together determine the power 
consumption and indicates a number of measures 
which can be taken to reduce the power charge. 
These are summarized as follows: 

1. Reduce the magnitude of the forces of disper- 
sion of the contaminant, thus decreasing the work 
to be done by the ventilating system. 

2. Provide exhaust hoods of the highest aero- 
dynamic efficiency. 

3. Lay out the exhaust piping to give a balanced 
system. 

4. Employ the lowest possible safe transporting 
velocity in the pipes or better, provide means other 
than pneumatic conveying for the removal of the 
collected matter. 

5. Design hood entrances, elbows, junctions, en- 
largement sections and other pipe details for mini- 
mum resistance. 

6. Select air-cleaning equipment of sufficient 
capacity to insure an economical resistance. 

Attention to these and other details will reduce 
power costs 25% and even more in many cases 
and will insure longer life and lower maintenance 
costs. In certain cases these savings will represent 
clear gain. In others they will more than offset the 
increased initial cost. Their application requires 
the use of more fundamental engineering concepts 
however than are now applied to the design of 
exhaust systems generally. 
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Report of Industrial Hygiene 
Session 


—WNational Battery Manufacturers Asso- 
ciation—- 


Reviewed by 
EuGEnNE L. Watsu, M.D. 


HIS privately printed brochure,! which has 

been previously announced,” contains in its 

first 78 pages the individual papers of the 
contributors. A supplement of 15 pages presents 
a verbatim report of the minutes of the Special 
Medical and Engineering Section. 

Each author covers certain specific phases of - 
the lead hazard in the storage battery plant. Ob- 
viously this method produces some repetition 
which is not undesirable, but rather serves to em- 
phasize the need for coordination in terminology 
and methods in the various laboratory procedures 
in use today. 

The assembled papers cover quite completely 
the industrial hygiene aspects of the lead problem 
in one industry. The engineering and medical 
problems are related in a report of a United-States 
Public Health Service survey of the storage bat- 
tery industry. The problems arising in the smaller 
plants are given in other papers. Safety problems 
receive due consideration and protective devices 
are very thoroughly considered, both with respect 
to the individual worker’s protection and engi- 
neering protective devices for the manufacturing 
process. The medical and chemical laboratory 
aids used by the industrial hygienist in the diag- 
nosis and control of lead hazards and intoxications 
is critically discussed by one capable authority. 
This topic receives the attention of others, also. 

In the second section the organizers of this 
symposium have attempted, by the informal 
round table discussion method, to clarify a few of 
the controversial problems presented in Part I. 
In general this has been well done and in detail 
covers some of the more practical phases. Among 
the subjects discussed are the following: Methods 
of sampling air. for analysis; limits of allowable 
lead concentrations; modes of dust abatement and 
worker protection; correlations and recommended 
practice for laboratory procedure, particularly 
with reference to stipple cells; the problem of 
acid fume exposure; and others. 

The industrial lead problem is approached from 
the manufacturer, insurance carrier, personnel 


1. Report of Industrial Hygiene Sessions of the rst 


’ h Annual Convention. 
Chicago, October 24-25, 1939. Battery Manufacturers 
Association, Akron, Ohio, 1940. $2.00 a copy. 

2. InpustRIAL Mepicine, Industrial Hygiene Section, Vol 1, p. 42, July, 
1940. 


Released by Nationa 


40 
C- 
de 
e 
ly 
nt 
d 
of 
eS 
es 
he 
n- 
ed 
ge 
he 
or 
he 
ed 
jor 
nd 
ra- 
pe- 
Ow 
ol- 
to 
en 
he 
ed 
ies 
ed 
ing 
re- 
ol- 
the 
ust 
if 
lly, 
ing 
re- 
the 
ich 
size 
in- 
lter 
lata 
be 
wer 
cost 
ent, 
lake 
ype 
alla- 
ith 


Page 60 


and industrial relations, compensation, employe 
and medical attitude in the various papers. 

This volume is an authoritative practical epi- 
tome of the lead problem in the storage battery 
industry. It has been written by a well-chosen 
staff of men with wide practical experience. This 
review may be read with profit by the physician, 
engineer or executive interested in this industrial 
hazard. 


Glycerol 


—-Behavior in the Animal Organism— 
(A Review of the Literature) 


WILHELM DEICHMANN, 
Kettering Laboratory of Applied Physiology, 
University of Cincinnati, 
Cincinnati, Ohio 


LYCEROL finds wide application in phar- 

& maceutical preparations. In fact, accord- 

ing to Lesser and Murphy,* it is probably 

used more frequently in prescriptions than any 

other substance except water. Any toxic proper- 

ties which it may possess are therefore of consider- 
able importance. 

Data on the lethal and sublethal concentrations 
of glycerol obtained from the literature are sum- 
marized in the table. 

There are only two cases on record in which 
glycerol has been known to produce poisoning; 
these were in children. The first child, two and a 
half years old, took 300 gm. orally; loss of con- 
sciousness followed, but the child recovered after 
its stomach was washed out. The second case was 
fatal, but unfortunately neither dose nor mode of 
administration is known.*! 

The ingestion of 30 cc. of glycerol three times 
daily over a period of 50 days by normal human 
subjects was found to be harmless,”® but subcuta- 
neous or intravenous injection of glycerol extracts 
may be followed by a local inflammatory reaction 
or by edema, while the injection of a 50% glycerol- 
broth culture of human tubercle bacilli in, tuber- 
culin-positive patients caused a skin reaction in 
many instances.*!*4 


Physical and Chemical Properties 


LYCEROL (mol. wt. 92.06) is the simplest 
alcohol containing three hydroxyl groups: 


CH:OH 


| 
CHOH 


CH.OH 


It is a viscous, colorless, odorless liquid with a 
neutral reaction and a sweetish taste; the specific 
gravity is 1.265 at 15°C. 

It is miscible in all proportions with water, al- 
cohol and chloroform but immiscible with ether, 
fats and oils. 

Glycerol usually contains small amounts of 
water, because of its hygroscopic property, and 
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when left exposed to the air will absorb more than 
half of its weight of moisture. 
It boils at 290°C. 


The Absorption of Glycerol 


LYCEROL is readily absorbed from the gas- 

tro-intestinal tract. Hober and Hober,?* in- 
vestigating the rate of absorption of equimolecular 
solutions of polyhydric alcohols from isolated 
loops of rat intestine, found that their absorption 
decreased with increase in their molecular weight. 
Approximately 73% of glycerol was absorbed as 
compared to 27% of erythritol and none of the 
mannitol. Johnson, Carlson and Johnson?® found 
that 50% of the glycerol introduced into the in- 
testine of anesthetized dogs, was absorbed during 
the first two to three hours. There was little ab- 
sorption from the stomach. 

Glycerol, like the hexoses, apparently unites 
with phosphates during its absorption from the 
intestinal tract. This is indicated by the increased 
content of acid-soluble organic phosphates in the 
mucosa of the intestine after oral administration 
of this compound (Laszt and Siillmann**). 

‘A mixture of glycerol and phosphates, or even 
better, glycero-phosphate, administered together 
with glycocholic or taurocholic acids increases the 
rate and extent of absorption of a fatty acid such 
as oleic acid. On the basis of these observations 
Verzar and Laszt** concluded that the esterifica- 
tion of glycerol with phosphoric acid occurs in the 
mucous membrane. 

Glycerol is absorbed rapidly if administered in- 
traperitoneally, but slowly if given subcutaneous- 
ly. The subcutaneous injection of small amounts 
usually presents no difficulties in animals, even 
though serious effects may be produced with 
larger doses. The intravenous injection of un- 
diluted glycerol may result in occlusion of blood 
vessels. Maignon and Grandclaude*’ reported 
the production of sclerosis of the veins in dogs by 
the injection of 3-5 cc. of pure glycerol. 

The absorption of aqueous glycerol solutions 
from the blood stream starts immediately after in- 
jection.7*37 

When applied to the unbroken skin, pure 
glycerol apparently is not appreciably absorbed.” 


Acute Toxic Effects Induced by Glycerol 


HE administration of glycerol to the horse, 
dog, cat, rabbit, rat and mouse in a single dose 
sufficient to cause death produced either restless- 
ness or diminished activity, followed by an in- 
creased pulse rate, vomiting (in the horse and 
dog), occasional biting movements, a mild cyano- 
sis, tremor, diuresis, some loss of equilibrium, 
severe clonic convulsions and death in coma. 
31,40,69,58,29,68,55,36,10 Schiibel®® noted that the con- 
vulsions could be initiated by noise, an observa- 
tion which we have made in the case of rabbits.’ 
Rabbits and rats show a marked inactivity, 
diuresis, loss of appetite and sometimes convul- 
sions’® in response to sublethal doses of glycerol. 
Kobert,*! in 1906, called attention to the narcotic 
action of glycerol. 
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The Effect of Glycerol on Blood Pressure and 
Respiration 


CHUBEL injected urethanized cats with doses 

of 1 cc/kg and noted an immediate drop in 
blood pressure of from 30 to 40 mm. The pressure 
rose again quickly, however, passing the normal, 
and remained elevated (40 mm. above normal) for 
20 minutes. He attributed this temporary in- 
crease in pressure to an hydremic plethora, the 
water of the tissues being taken up by the circula- 
tion. Johnson, Carlson and Johnson”? noted a 
transient fall in the arterial pressure, even after a 
small intravenous dose of glycerol. In addition 
to this, Trabucchi"* observed an increased rate and 
magnitude of respiration in rabbits, which per- 
sisted after vagotomy. In our experiments on 
rabbits lethal oral doses produced a slowly failing 
circulation, lethal intraperitoneal injections pro- 
duced a marked stimulation of respiration followed 
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by a sudden drop of arterial blood pressure. Death 
was due to the combined effects of failing circula- 
tion and respiration.'® 


The Effect on Muscle, Intestine, Uterus and Blood 
Vessels 


} onsen muscles injected with or suspended in 
very dilute aqueous solutions of glycerol show 
a greatly increased and prolonged state of irrita- 
bility, according to the observations of Santesson® 
in 1903, and Verza and Peter®? in 1925. Reach* 
found that glycerol caused a relaxation of the 
sphincter of the gall-bladder, when applied to the 
upper part of the duodenum. Pal and Prasad*? 
noted an increase in the force and amplitude of in- 
testinal contractions. No change in bowel activity 
was observed by Johnson, Carlson and Johnson 
in rats and dogs but there was a slight tendency 
toward softer stools in the human beings who in- 


TABLE 


LETHAL AND SUBLETHAL CONCENTRATIONS OF GLYCEROL (AS TAKEN FROM THE LITERATURE) 


Mode of | 
Administration 


Species Dose 


Fate Investigator 


Child 2% yr. 


loss of consciousness, 
with recovery (stomach 


reported by Kobert?! 
was pumped out) 


Child | 2 ? 


fatal 


10 men and 4 women| oral 30 ce 3 times daily 


no harmful effects | Johnson, Carlson and Johnson”? 


Horse 


subcutaneous 300 ce 


died in 27 hr. Plosz58 


100 ce 


| 


slight fever 


8-10 gm/kg 


| Dujardin-Beaumetz and Audige, 
| cited by Arnschink?. 


died in 24 hr. 


14 gm/kg 


| Dujardin-Beaumetz and Audige, 


died in 3-4 hr. | cited by Arnschink? 


| up to 7 gm/kg 


no illness | Lewin, cited by Arnschnik? 


| Tschirwinsky, 
cited by Arnschnik? 


7-11 gm/kg 


intest. disturbances, | 


vomiting | Arnschink? 


| 35 % glycerol in diet 


no ill effects | Johnson, Carlson and Johnson?9 


| cutaneous | 12 doses of 4.5 ee/kg 


no signs of illness 


Deichmann!® 


| intraperitoneal | 7 cc/kg 


smallest dose lethal 


Subcutaneous 10 ce/kg 


| oral | 14 ce/kg 


| intraperitoneal 5-6 ce/kg 


killed from 40-80 


| 
| 
| 


| subcutaneous | 4-5 ce/kg 


8 ce/kg 


Schubel® 


| may be fatal 


minimal lethal dose 


| Pfeiffer and Arnove® 


| 15 to 16 ce/kg 


Deichmann!® 


killed from 60-70 % 


| | 
(starved for 3 days) 


| 5.7-14.8 ece/kg 


41% glycerol in diet 
| fed 40 wk. 


no ill effects aS 
(starved 24 hr.) 


| no ill effects. . 


| 21-23 ce/kg 


killed from 40-60 % 


| subcutaneous 9-11 ce/kg 


fatal to 80% 
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gested 90 cc. daily. Kobert*! and Lewin* reported 
loose stools in human beings who ingested large 
amounts of glycerol. Schiibel® found that glycerol 
had little or no effect upon the intestine and the 
uterus. This investigator also reported that a con- 
centration of glycerol from 1:10 to 1:1000 had no 
effect upon the blood vessels and that it took a 
concentration of from 1:50 to 1:100 to exert a de- 
pressant action upon the isolated frog heart. 


Effect of Glycerol on the Blood Picture 


IMON™ observed anemia in rabbits injected 
intravenously. There was however a marked 
increase in the total leucocyte count count, a slight 
decrease in lymphocytes and a marked increase in 
the polymorphonuclear neutrophils. The injection 
of glycerol into the heart of rabbits was followed, 
in our experiments,’® by a decrease in erythrocytes 
and in the hemoglobin concentration and an in- 
crease in leucocytes, findings which confirm 
Simon’s observations. 

Sugimoto® reported anemia in rabbits treated 
subcutaneously with 3 cc/kg. A pronounced de- 
crease in erythrocytes and leucocytes and in the 
hemoglobin concentration was noted in our ex- 
perimental animals’® after the subcutaneous in- 
jection of lethal doses of glycerol. The repeated 
subcutaneous injection of sublethal doses had the 
same effect on the erythrocytes and the hemo- 
globin while the number of leucocytes fluctuated 
within a wide range. 

Tompkins” obtained a well defined increase in 
the leucocytes of guinea pigs after intraperitoneal 
administration of glycerol in doses as great as 
those involved in injections of old tuberculin. 
There was a slight increase in monocytes and a 
marked increase in neutrophils. We'® noted no 
significant change in the number of erythrocytes 
or in the hemoglobin concentration of the blood 
of rabbits during the first four to six hours after 
intraperitoneal injections of sublethal doses, but 
the number of leucocytes was increased. Twenty- 
four hours after the injection the hemoglobin was 
found to be below the pre-experimental level in 
some instances, while the leucocytes had returned 
to normal limits. 

Johnson and Carlson** noted no change in the 
blood picture of human subjects who ingested 90 
ec. of glycerol daily for 50 days. These results 
are in accord with our findings in rabbits to which 
glycerol was administered orally.’® 

Repeated applications of glycerol to the skin of 
rabbits induced no illness and no changes in the 
blood.*® 


Hemoglobinuria Due to Glycerol 


UCHSINGER* appears to have been the first to 
observe the production of hemoglobinuria in 
rabbits by subcutaneous injection of glycerol. His 
observations have been confirmed in the case of 
rabbits, dogs and rats, by Ustimowitsch,*® by 
Miura,**. by Johnson and Carlson,”* by Simon,” 
by Sugimoto,” and by Deichmann.’® 
In 1937, Pfeiffer and Arnove® observed that 
0.75 cc/kg was the smallest subcutaneous dose 
capable of producing hemoglobinuria in rats. They 
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also found that the preliminary administration of 
ascorbic acid raised the parenteral dosage neces- 
sary to produce hemoglobinuria by 100% or more. 
The occasional production of hemolgobinuria in 
rabbits, but not in rats, by intraperitoneal adminis- 
tration was noted by Simon” and has been ob- 
served in our experiments.’ 

According to Simon,” the intravenous adminis- 
tration of glycerol to rabbits never produces hemo- 
globinuria, but our observations were not in com- 
plete accord with this statement. Of five rabbits, 
each of which received two injections of from 2 to 
3 cc/kg into the heart, one showed a marked hemo- 
globinuria.’° Kobert*! reported the production of 
hemolysis by intravenous injections. 

Miura*® administered glycerol orally in sub- 
lethal concentrations to dogs and rabbits and ob- 
served no hemoglobinuria. These findings were 
confirmed by Johnson and Carlson?* in the case of 
dogs, rats and rabbits, and by our observations on 
rabbits and rats.2° Johnson, Carlson and John- 
son*® also failed to obtain hemoglobinuria in 14 
human subjects who ingested 90 cc. of glycerol 
daily for 50 days. 


Hemolysis Produced in Vitro by Gylcerol 


solutions of glycerol will hemolyze 
erythrocytes; this hemolysis appears to be 
more pronounced when the concentration of 
glycerol is low. 

Jacobs, Glassman and Parpart”’ studied the rate 
of hemolysis by adding one part of blood to 500 
parts of an isosmotic glycerol solution. They ob- 
served rapid hemolysis of the erythrocytes in man, 
rat, mouse, rabbit and guinea pig, and found that 
this could be retarded by increasing the CO, ten- 
sion of the solution. The erythrocytes of the ox, 
sheep, horse, pig, dog and cat hemolyzed slowly, 
but this hemolysis could not be retarded by in- 
creasing the CO,. They write: “By saturating an 
isosmotic gylcerol solution with alveolar air 
(though much lower tensions of CO, are effective) 
the time of hemolysis of red blood cells by glycerol 
may be prolonged to 50 or more times their nor- 
mal values, this effect being readily reversible by 
the removal of CO, or by addition of NaHCO, to 
the solution. A striking inhibition of the effect of! 
glycerol on the erythrocytes may be produced by 
traces of copper or of copper salts in the water 
(Jacobs and Carson**). This effect, which is not 
obtained with the blood of some animals, (cat, dog, 
sheep, ox), and only slightly with that of others, 
(rabbit, guinea pig), may be so pronounced with 
the blood of man, for example, that the use of wa- 
ter distilled in an ordinary copper still may change 
the time of hemolsis in 0.3 M glycerol at 20°C. 
from 30 seconds to 15 minutes or more. Equally 
striking effects may be obtained with the blood 
of the rat.” 

Schibel® studied washed erythrocytes placed 
in saline solutions and in water containing vary- 
ing concentrations of glycerol. He noted no 
hemolysis in saline solutions containing up to 40% 
glycerol, while in 50% solutions hemolysis began 
after from 16 to 20 hours. As for aqueous solu 
tions, a 20% solution of glycerol caused hemolysis 
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after approximately 15 minutes, a 30% solution 
after 30 minutes, and a 40-50% solution after 90 
minutes. Calculated on an osmotic basis, a 2.55% 
solution of glycerol should be equivalent to a 0.9% 
solution of sodium chloride; however, glycerol 
was not found capable of replacing NaCl in iso- 
tonic solutions. 


The Effect of Glycerol on the Body Temperature 

N 1887 Plosz®** and Arnschink? reported that 

glycerol caused an elevation of the body tem- 
perature, an observation that was confirmed by 
Schellenberg,®* who gave his patients a mixture 
of iodoform and glycerol. Johnson, Carlson and 
Johnson” observed no increase in temperature in 
a series of dogs to which glycerol was adminis- 
tered. In our experiments’ rats, injected sub- 
cutaneously, suffered a drop in body temperature 
in direct relation of the size of the dose, but re- 
acted variably to intraperitoneal injections in that 
no change in temperature occurred in some in- 
stances while in others the temperatures were de- 
pressed or elevated. Rabbits injected subcutan- 
eously, orally or intraperitoneally, either main- 
tained a normal temperature or developed a 
distinct fever.’° 


The Diuretic Action of Glycerol 


N 1876 Ustimoetisch® noted a diuretic action 

exerted by glycerol in dogs and rabbits. He 
observed also that the volume of urine secreted 
was always much greater after oral administra- 
tion than after subcutaneous injection of glycerol. 
Dux and Low” reported that the injection of this 
compound into the muscle of the frog was followed 
by loss of water which in some cases amounted to 
as much as one-fifth of the normal weight of the 
muscle. Schiibel® produced a tenfold diuresis by 
the intravenous injection of glycerol into urethan- 
ized cats. The relationship between the degree of 
the diuresis and the concentration of the glycerol 
was studied by Cugusi® in 1922. He found that an 
intravenous injection of 1.2% gm/kg glycerol in 
a normal NaCl solution produced a notable diure- 
sis; doses of from 2 to 2.4 gm/kg brought about a 
pronounced diuresis, while doses ranging from 4 
to 6 gm/kg caused an inhibition of urine forma- 
tion. Johnson, Carlson and Johnson’ noted this 
inhibition also, but only when the intravenous 
dose of glycerol produced a marked lowering of 
the blood pressure at the same time. These authors 
noted no diuresis nor change in specific gravity 
of the urine in men and women who ingested 
about 100 gm. daily for 50 days, but rats and dogs 
on a diet containing 41 and 35% glycerol secreted 
approximately five times as much urine as control 
animals. Three of the five subjects of Lewis and 
Corley*! who received 59 gm. of glycerol showed 
no diuresis. 

The observations indicate that diuresis occurs 
after a moderately large dose of glycerol, but 
ceases if the toxic effects of this compound get the 
upper hand. 


The Effect of Glycerol on Enzymes 


DOSE of 10 gm. glycerol per kilogram of body 
weight introduced into the stomach and up- 
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per portion of the intestine of an etherized dog, in 
Burge’s experiments,® caused a 50% increase in 
the catalase concentration in the blood of the liver 
and the portal and jugular veins. 

According to Allesandrini,! glycerol has no in- 
jurious effect on amylase, while Di Frisco’? re- 
ported that pancreatic juice heated in the pres- 
ence of glycerol does not lose its activity com- 
pletely. Farber and Wynne’® in studying the 
breaking-down of caseinogen by pancreatic pro- 
tease in vitro found that glycerol “inhibits the 
initial rate of hydrolysis.” 

In our experiments subcutaneous injection of 
lethal concentrations of glycerol into rabbits and 
rats caused pronounced edema and hemorrhage 
at and near the site of injection. Within from 20 
to 40 minutes after an intraperitoneal injection of 
2 cc. of glycerol into rats, we observed accumula- 
tion of fluid in the peritoneal cavity which in some 
rats amounted to 10 cc. The oral administration 
of this compound was usually followed by an acute 
irritation of the whole intestinal tract. Rigor mor- 
tis usually developed in from three to five minutes 
after death.’° 


The Formation of Glycose from Glycerol 


REMER’S investigations® offered the earliest 
evidence of the transformation of glycerol 
into dextrose, though Ustimowitsch*® and Plosz** 
had previously reported the occurrence of a Cu- 
reducing substance in dog’s urine after the inges- 
tion of glycerol. Cremer found that about 40% 
of the glycerol ingested by a phlorhizinized dog 
was excreted in the urine as “extra glucose.” 
Chambers and Deuel* repeated Cremer’s experi- 
ments and confirmed his observations. In 1904 
Liithje** administered glycerol to pancreatecto- 
mized dogs and found that this resulted in gly- 
cosuria. Voegtlin, Thompson and Duns‘ ad- 
ministered 20% aqueous solutions of glycerol 
orally and intraperitoneally to fasting rabbits and 
produced extensive and prolonged hyperglycemia. 
McLean*® obtained substantiating data. Koike* 
and Yagi*® introduced glycerol intraperitoneally 
into rabbits and noted hyperglycemia and an in- 
crease of lactic acid in the blood. The lactic acid so 
produced remained at a higher level than that re- 
sulting from the injection of equivalent doses of 
galactose, maltose, glucose, fructose and mannose. 
The hyperglycemic response was not attributable 
to the mobilization of liver glycogen but to the 
formation of glucose from glycerol. The excreted 
sugar could not possibly have been formed from 
the small amount of protein ingested. Complete 
conversion of glycerol into glucose may occur but 
the individual response is variable, perhaps be- 
cause of incomplete absorption of the compound. 
According to Ferber and Rabinowitsch,’* when 
glycerol was administered on an empty stomach 
to healthy persons and patients in amounts up to 
100 grams (diluted with water to 250 cc.), it pro- 
duced hyperglycemia, the degree of which was 
directly related to the disturbance of the carbo- 
hydrate metabolism. In advanced cases of diabetes 
glycerol produced glycosuria. Parnas and Wagner?* 
reported that the feeding of glycerol was responsi- 
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ble for an increased blood sugar concentration in a 
girl of nine who was suffering from a liver tumor. 
These reports indicate definitely that glycerol is 
a precursor of sugar in the organism, even 
though Kneip** does not share this opinion. 


The Formation of Glycogen From Glycerol 


ae and Lewis,* in observations on fasting 
rats over periods up to six hours, found that 
the glycogen content of the liver increased pro- 
gressively to an average maximum of 143 mg. 
glycogen per 100 gm. body weight, in response to 
the administration of glycerol by means of a 
stomach tube. The amounts of liver glycogen 
formed during the two- and three-hour periods 
were similar to those observed after the absorp- 
tion of glucose. Lederer*’? confirmed these ob- 
servations in 1936. He found that the ingestion of 
glycerol by a fasting rat as well as the intravenous 
injection of glycerol into rabbits and dogs in- 
creased the hepatic glycogen. Reid® slowly in- 
fused glycerol into the veins of anesthetized cats 
and observed that liver glycogen was formed. Reid 
also found that glycogen deposition or breakdown 
in starving cats was in direct proportion to the 
body temperature, when other factors were kept 
constant. At 37° c. there was practically no change, 
at 38° c. there was a constant slight decrease, while 
at 40° c. a rapid decrease in the liver glycogen oc- 
curred. By means of perfusion experiments 
Lederer*’ brought proof that even in vitro, rabbit 
and dog livers formed glycogen from glycerol and 
that none of this power was lost in the icterus pro- 
duced by experimental phosphorus poisoning. 
These reports fully confirm the early observa- 
tions of Weiss,*’ of Luchsinger,** of Salomon,® and 
of Hammersten,!* who observed an increase in the 
glycogen of the liver after the feeding of glycerol 
to chickens and rabbits. Investigators who failed 
to make these observations either worked with 
amounts of glycerol which were too small, or car- 
ried out experiments of too short duration.*** 


The Effect of Glycerol in Counteracting the Action 
of Insulin and the Formation of Acetone Bodies 


LYCEROL leads to the formation of glucose 

and glycogen and therefore counteracts the 
effect of insulin and exerts a preventive action on 
the formation of acetone bodies. Noble and Mac- 
leod®! recognized the fact that if glycerol is to 
exert any curative action on insulin coma it must 
be administered in a promptly available form. 
Pure glycerol proved to have little effect. The 
intraperitoneal or intravenous injection of a 20% 
aqueous solution of glycerol by Voegtlin, Dunn 
and Thompson® quickly banished the coma and 
convulsions induced in rats by a lethal dose of 
insulin. Reeves and Hewitt® also noted that the 
administration of glycerol was of assistance in 
combating the phenomena of hypoglycemia in- 
duced by insulin. Trabucchi** injected glycerol in 
the form of a 30% solution into rabbits, using a 
dose of 5 gm/kg, and followed it immediately by 
an intramuscular injection of insulin. He noted 
that the glycerol disappeared more rapidly from 
the circulation blood of these animals than from 
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that of non-insulinized rabbits. Decrease in the 
formation and excretion of acetone bodies in dia- 
betics and normal fasting persons and animals 
following the ingestion of glycerol was reported by 
Hirschfeld in 1895," by Satta in 1905," by Lang in 
1915,3* and by Chambers and Deuel in 1925.° 


The Protein-Sparing Action of Glycerol 


ITTLE definite information is available regard- 
ing the possible protein-sparing action of in- 
gested glycerol. Dubois and Combemale"™ studied 
the urea excretion before, during and after glycerol 
feeding; in their experiments the reduction in the 
excretion of urea was too small to warrant the 
assumption of a conservation of the proteins. Very 
similar results were obtained by Munk,*® Lewin,*® 
and Tschirwinsky,” Strack,”* however, observed 
a definite protein-sparing action and Chambers 
and Deuel® found the protein-sparing activity of 
glycerol to be similar to that of the monosacchar- 
ides. 
Glycerol apparently will exert a protein-sparing 
action only when it is administered in high but 
tolerable concentrations. 


The Effect of Glycerol on the Respiratory Quotient 


HE effect of glycerol on the respiratory quo- 

tient is controversial. McCann and Hannon*® 
and Johnson, Carlson and Johnson” found no con- 
sistent response on the part of the respiratory 
quotient to the ingestion of from 40 to 100 gm of 
glycerol by diabetic patients or normal persons. 
On the other hand, Chambers and Deuel® found a 
reduction of the respiratory quotient in three 
phlorhizinized dogs, after the oral administration 
of 8.5 gm. of glycerol. They explain their results 
by saying: “The decrease in R.Q. from 0.703 to 
0.678 after giving glycerol indicates that there was 
no general oxidation of the ingested glycerol, which 
has an R.Q. of 0.857, nor of the glucose into which 
it was converted. The reduction in the R.Q. from 
0.703 to 0.678 may be accounted for as due to the 
oxidation of the 2 atoms of hydrogen liberated in 
the reaction: glycerol=% glucose.” 


Glycerol as a Substitute for Carbohydrates in the 
Diet 

N 1933, Johnson, Carlson and Johnson” kept 

rats for 40 weeks on a diet consisting of 20% 
starch, 41% glycerol, 18% casein, 10% butter, 5% 
yeast, 4% inorganic salt mixture and 2% agar. 
The animals grew as well as control animals given 
a diet containing 61% starch. Three dogs kept for 
36 weeks on a diet containing 35% glycerol, 17% 
carbohydrates, 24.5% protein, 7% fat, 2.5% veast 
and 14% bone meal also showed the same gain in 
weight as control dogs kept on a diet in which none 
of the carbohydrate was replaced by glycerol. By 
reducing the food intake of these dogs while fol- 
lowing their weight changes these workers demon- 
strated that glycerol is not calorically equivalent 
to glucose when it makes up more than 35% of 
the diet. They also studied 10 men and four 
women ingested 30 cc. of 95% glycerol with orange 
juice three times daily after each meal for 50 
days. These subjects developed some tendency 
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towards increase in body weight, and described 
such subjective effects as: “increased thirst occa- 
sionaily (two subjects), and occasional sensation 
of warmth in the stomach after ingestion, espe- 
cially in those instances when the glycerol was 
taken not with a meal but on an empty stomach 
(four subjects), and even a feeling of particular 
well being and exceptional freedom from colds 
(one subject). There were no reports of sleep- 
lessness, talkativeness, or excitement.” In 1929 
Ferber and Rabinowitsch" gave oral doses of 100 
gm. of glycerol in 250 to 300 cc. of water to 60 
patients and noted little if any effect therefrom. 
No instance of gastro-intestinal disturbance oc- 
curred and only five complained of any discomfort, 
the latter consisting usually in a throbbing head- 
ache or dizziness, which these authors feel may 
well have been due to lack of food since the gly- 
cerol was taken on an empty stomach, 10 hours 
after the last meal. Flury and Zangger in 1928'* 
stated that oral doses of 100 gm. of glycerol pro- 
duced vomiting and headache in humans, but the 
more recent observations indicate that this holds 
true only in isolated cases. In 1937 Holck* con- 
firmed the harmlessness of a diet containing 20% 
glycerol, on which rats were kept for 11 weeks. 
According to Delaunary and Accoyer’s investiga- 
tions," reported in 1936, the normal rat is capable 
of assimilating a maximum of 0.4 gm. glycerol per 
100 gm. body weight per day when the glycerol is 
mixed with the food. 


The Effect of Glycerol on Uric Acid Excretion 


OSENFELD® and Quick® among others have 

called attention to an increased elimination 
of uric acid concretions and sediment after slycerol 
ingestion. Hansen and Kamm” offer the follow- 
ing explanation for the beneficial influence of 
glycerol on nephrolithiasis: by dissolving out the 
inorganic matrix of the uric-acid calculi, glycerol 
breaks them up into fine granules which settle 
out slowly and therefore remain suspended in a 
mixture of urine and glycerol instead of adhering 
to the wall of the bladder; in this free state they 
are easily voided with the urine. Johnson, Carl- 
son and Johnson”® found no significant change in 
the excretion of uric acid in their human subjects 
after the latter had ingested 90 cc. of glycerol 
daily for 50 days. Their subjects were healthy 
young people and consequently these findings 
would have little bearing on the question of the 
disintegration and elimination of pre-existing uric- 
acid calculi. 


The Effect of Glycerol on Keproduction 


HE normal reproduction of rats is not in- 

fluenced by the substitution of glycerol for 
starch up to a point where the former comprises 
41% of the total food intake. Pregnancies did not 
occur when rats received 61% of their diet in the 
form of glycerol.?° 


The Excretion of Glycerol 


HE rate of the urinary excretion of glycerol 
depends upon a variety of factors such as the 
rate and mode of its introduction into the body, 
the composition of the diet, and the condiiton of 
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the excretory organs. Even prior to 1887, the ex- 
cretion of glycerol in the urine of human beings 
and dogs had been observed by Tschirwinsky,” 
Catillon,t and Arnschink.? According to Delaunay 
and Accoyer,'! rats kept over a prolonged period 
on a diet including glycerol excrete all the glycerol 
absorbed in excess of 4 gm/kg. 


Glycerol Absorption in Tuberculosis and Certain 
Other Pathological Conditions 


HE filtrate employed in the treatment of tuber- 

culosis is prepared from a concentrated gly- 
cerine-broth culture of human tubercle bacilli and 
is so titrated that it contains 50% glycerol and 1 
mgm of tuberculin to each cubic centimeter of 
solution. At times glycerol bouillon gives a posi- 
tive skin reaction when administered simultane- 
ously with tuberculin to tuberculous guinea pigs. 
Heise and Brown”! noted a positive reaction from 
glycerol bouillon and tuberculin in 4% of 443 
cases of tuberculosis in adult human beings. 
Hochst** observed a positive reaction to injections 
of concentrated glycerol bouillon in 83 of 93 tuber- 
culin-positive children and in 16 of 17 tuberculin- 
positive adults. Of 112 tuberculin-negative chil- 
dren, under the care of Keller and Délter,*® none 
reacted. 

Long and Vorwald*? administered glycerol, both 
orally and subcutaneously, to tuberculous rats 
over long periods: They observed an enhanced 
growth of tubercule bacilli in the lesions and a 
general increase in the severity of the disease. 
The majority of tuberculosus rats fed upon an ex- 
cess of palmitic acid had smaller lesions than did 
tuberculous rats on a control diet. 

Woolf®* has reported good results in the treat- 
ment of hemorrhoids with a mixture of 40% gly- 
cerol, 20% phenol and 40% witch hazel, in con- 
junction with a 5% solution of phenol in almond 
oil. 

Acording to Compton,’ cancer cells of the epithe- 
lial type, in vitro, possess a high degree of re- 
sistance to the toxic action of pure glycerol. 

Glycerol inhibits the action of staphylococcic 
toxin in causing necrosis of the skin of guinea pigs, 
an inhibition according to Smith” is specific for 
this toxin. 

In 1931, Tashiro and Oliver” studied the possible 
antagonistic action of glycerol and cholesterol 
against bile salis. They found that neither of 
these compounds prevented erosion of the gastric 
muscosa, or death, in rabbits and guinea pigs in- 
jected intravenously and intraperitoneally with 
toxic doses of bile salts. 

That glycerol prolonged the life of suprarenalec- 
tomized cats was demonstrated by Marine and 
Baumann* in 1927. Glucose appeared to be about 
equally effective in this respect. 


Pathological Changes Caused by Glycerol 


HE subcutaneous injection of glycerol into the 
horse or dog, produced edema at the site of 
injection, inflammation of the lungs and intestinal 
wall, and hyperemia of the liver and kidney.** 
After injecting three rabbits subcutaneously 
with doses of glycerol sufficient to kill them in 24, 
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48 and 92 hours, respectively, Simon” found lesions 
mainly in the subcutaneous tissues, the liver and 
the kidney. At the site of the injection the gly- 
cerol had destroyed the framework of the con- 
nective tissue, the adjacent fascia had disintegrated 
into longitudinal fibrils and the muscle fibers had 
lost their cross-striations. The liver showed an 
increase in connective tissue, atrophy of the he- 
patic cells, parenchymal hemorrhage, perivascular 
leucocytic infiltration and cellular atrophy in the 
periphery of the lobules. The glomeruli and the 
tubules of the kidney were also involved in an 
inflammatory process. Piras® injected subcutane- 
ously daily doses of glycerol ranging from 0.5 to 
3 cc. per rabbit for a period of 45 days, killed the 
animals by bleeding, and studied the histopatho- 
logical changes in the tissues. The organs pri- 
marily affected were the liver, kidneys, intestine 
and lungs. The liver and kidneys showed marked 
hyperemia, dilatation of the vessels, hemorrhage, 
and cloudy swelling. Pulmonary lesions were com- 
mon to all rabbits, the degree of injury being pro- 
portional to the dose injected. There were signs 
of extensive injury of the mucosa of the intestine, 
with inflammation, congestion and hemorrhage. 
According to Tompkins,” the repeated injection 
of sublethal doses of glycerol into guinea pigs 
caused no permanent pathological changes. John- 
son, Carlson and Johnson** observed no gross or 
microscopic tissue changes in rats fed glycerol for 
a prolonged period. Kobert,*! however, reported 
in 1906 that the repeated ingestion of large doses 
of glycerol. leads to a chronic inflammation of the 
stomach and intestines. 


Summary 


LYCEROL is absorbed from the peritoneum, 

gastro-intestinal tract and subcutaneous tis- 
sues; its penetration of the intact skin appears 
to be negligible. 

Toxic doses of glycerol produce a train of char- 
acteristic signs and symptoms, and when admin- 
istered in sufficient quantities, death. The quantity 
necessary to produce death varies with the mode 
of administration, being least if given intraperi- 
toneally, intermediate if injected subcutaneously, 
and largest if given orally. (The lethal dosage by 
the intravenous route is obscured by the secon- 
dary effects of embolism and other direct effects 
upon the blood). It is not possible to kill rabbits 
or rats by cutaneous application. Partial starva- 
tion decreases the resistance of animals to glycerol 
poisoning. 

The intravenous injection of even small doses 
is followed by a transient fall in the arterial blood 
pressure and by an increased rate and magnitude 
of respiration. Lethal oral doses produce a slowly 
failing circulation, while lethal intraperitoneal in- 
jections produce a marked stimulation of respira- 
tion, and finally a sudden drop of the arterial 
blood pressure. Death is due to the combined ef- 
fects of failing circulation and respiration.. 

Glycerol increases the degree of irritability of 
muscle, causes relaxation of the sphincter of the 
gall bladder, and appears to increase the force 
and amplitude of intestinal contractions. 
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It has little or no effect upon the uterus. 

The portal of entry, as well as the dose of gly- 
cerol, determines the specific effect on the blood 
picture. Aside from a temporary concentration of 
the blood, due to the loss of water, the general 
picture is as follows. Subcutaneous injection pro- 
duces a decrease in the number of erythrocytes and 
in the hemoglobin concentration, together with 
hemoglobinuria. The number of leucocytes fluc- 
tuates above and below the normal. Intraperi- 
toneal administration is followed by an increase 
in the number of leucocytes and by insignificant 
changes in the number of erythrocytes and in the 
hemoglobin concentration. Hemoglobinuria may 
develop in isolated cases. No significant blood 
change has been reported after oral administration 
or after cutaneous treatment but intravenous in- 
jections are followed by decrease in the erythrocyte 
count and in the hemoglobin concentration and an 
increase in leucocytes, after a temporary increase 
in all the formed elements by reason of the direct 
effect of glycerol in concentrating the blood. Hem- 
oglobinuria may be produced in ‘isolated cases 
treated intravenously. ' 

The rate of hemolysis of erythrocytes when 
whole blood is added to isosmotic glycerol solu- 
tions in vitro varies widely for different species of 
animals. Washed red blood cells are very resis- 
tant to hemolysis if placed in a saline-glycerol 
solution, but they are hemolyzed readily if placed 
in an aqueous glycerol solution, the rate of hemoly- 
sis varying inversely with the glycerol concentra- 
tion. 

The effect of lethal and subicthal doses of gly- 
cerol on the body temperature does not appear to 
be uniform for all species or for different modes 
of administration. Both pronounced fever and 
subnormal temperatures have been observed. 

Diuresis appears to be more pronounced after 
oral than after subcutaneous administration, but 
it is independent of the mode of entry of glycerol § 
into the body. Toxic concentrations in the body, 
however, inhibit the formation of urine. 

A portion of the absorbed glycerol is trans- 
formed in the organism into glucose, and thence 
into glycogen. Glycerol, therefore, is antagonistic 
to the action of insulin and to the formation of the 
acetone bodies. Various investigators have em- 
ployed glycerol as a partial substitute for carbo- 
hydrates in the diet with apparently satisfactory 
results. The total replacement of carbohydrates 
by glycerol prevents pregnancy. 

Glycerol appears to have a protein-sparing ac- 
tion if administered in concentrations well below 
the toxic level. 

The reported effect of this compound in decreas- 
ing the respiratory quotient needs verification. 

Ingestion of glycerol appears to favor the excre- 
tion of uric acid. The mechanism involved is not 
fully understood. 

Glycerol may be excreted as such in the urine if 
sufficiently large single doses are administered, 
and also if small amounts are given over a pro- 
longed period. 

Glycosuria is not common after absorption of 
glycerol. 
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The pathological changes which have been re- 
ported in cases of experimental glycerol poisoning 
are those of acute toxic damage to the liver, kidney 
and lungs. The gastrointestinal tract may suffer 


after the administration of large oral doses and 
the subcutaneous tissues may reveal pronounced 
local damage at the site of injection. 
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Toxic Limits 


Lupwic TELEKy, M.D., 
Chicago 


HE foundation of modern science and 
modern technique is the process of weighing, 
measuring and counting. The step from the 
empirical state to modern science, from skilled 
handiwork to mechanical performance was pos- 
sible only after methods for specific weighing and 
measuring had been found. Exact examinations 
of air and its contaminants in factories were great 
rarities even 20 and 15 years ago; indeed determi- 
nations of dust concentrations were the only such 
measurements made to any dppreciable extent 
and these were done in English speaking countries 
alone. No other instruments were available for 
investigations in factories except those for deter- 
mining the dust contents. (In the United States, 
the sugar-tube, Palmer apparatus, Greenburg- 
Smith impinger; in England, Owens dust counter; 
in South Africa, Kotzé konimeter.) The methods 
and instruments used in laboratories have also 
been used in factories, instruments difficult to 
handle and transport, often not accurate. All this 
is different today. 

We now have various instruments suitable for 
use in factories, although the truly exact instru- 
ment and the precise method is still lacking for 
certain purposes. On the contrary we even suffer 
from too many offers of instruments made by firms 
and scientists. Their only small deviation from 
already existing instruments makes it more diffi- 
cult to compare the results, since the new instru- 
ments often do not guarantee any greater ac- 
curacy. 

R. R. Sayers' published in 1927 data about the 
most important poisons, briefly summarizing 
them. As far as I know, Zangger? in 1928 was the 
first author to compile a table “about the effect of 
irritant and poisonous gases and vapors.” For 
many gases he specified the exact concentration 
in milligrams per liter which would kill immedi- 
ately or be fatal after 4-1 hour. He defined which 
concentration may be borne with large, small or 
no damaging effect for a period of time. The 
compilation is supported for the largest part by 
animal experiments, made by K. B. Lehmann and 
his collaborators, Zangger, U. S. Bureau of Mines, 
Haldane, Henderson and Haggard. Experiments 
on human beings (experiments on the author him- 
self) are rarely referred to. An extension and 
completion of this table may be found in the book, 
Noxious Gases by Flury and Zernik.’ 

The table, “Maximum Allowable Concentra- 
tions,” compiled by Bowditch*® was especially 
meritorious as it included tabulation of regulations 
of other governmental authorities in addition to 
those suggested for Massachusetts. These had 
been referred for criticism to more than a score of 
the leading authorities in this country and abroad 
prior to their promulgation. This table has been 
revised and extended by himself, C. K. Drinker, 
P. Drinker, H. H. Haggard and A. Hamilton*. By 
formulating the problem into “allowable concen- 
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trations” it has been taken out of the field of theo- 
retical research and transferred to the practical 
industrial hygiene. But the ready availability of 
apparatus easy to handle and of tables of toxic 
limits established by well known scientists to 
which the results can be referred for interpreta- 
tion may lead to the undesirable situation that men 
not well trained in industrial hygiene will under- 
estimate the difficulties of obtaining truly repre- 
sentative results. In addition there is the danger 
that they will employ these results beyond their 
limits of usefulness and so draw unjustifiable con- 
clusions. 

Therefore the value of the limits, the practical 
purpose and the limitations of their use may be 
discussed in the following lines. 


SHARP distinction must be drawn between 
acute and chronic action which must be ap- 
plied especially to those materials which produce 
acute and chronic occupational poisoning (benzol, 
toluene, xylene, carbon disulfide, trichlorethylene, 
aniline, ozone, etc.). The “allowable concentra- 
tion” is much higher where there is danger of 
acute poisoning than under conditions where 
there is continuous inhalation for a long time. It 
is evident that it would be out of place to demand 
the same limiting value of contamination where 
the workers are only occasionally exposed to the 
danger of acute poisoning (transferring benzol, 
trichlorethylene, carbon bisulfide, etc., or similar 
intermittent work performed at extended inter- 
vals) as in places where there is danger of continu- 
ous inhalation for a period of weeks or months. 
The Massachusetts publication quoted above 
seems to give the “allowable concentrations” for 
those actions which are most important in indus- 
trial hygiene: the chronic influence of benzol and 
its homologues, the acute poisoning by CO. Al- 
though the expert knows or is able to find out for 
which situation the given value is applicable, it 
would be expedient to specify in the table the 
limits for acute and those for chronic poisonings. 
If that is not possible or not necessary for some 
substances, it should be stated clearly whether the 
quoted value refers to acute or chronic action. 

Of course, the conceptions of “acute” and 
“chronic” are not sharply differentiated. But gen- 
erally we may call poisonings and damages acute 
when they can take place within a working day; 
and we may call them chronic when they need a 
longer time to develop — usually weeks or even 
years. 

A specification of the concentration fatal in a 
half hour or less, although scientifically interest- 
ing, is of little value for practical industrial hy- 
giene as pointed out below. 

As examples of the damages which arise after 
harmful action of years or decades may be men- 
tioned silicosis, bladder cancer of aniline workers, 
the symptoms of chronic alcoholism, certain dam- 
ages by x-rays and radium, some serious forms of 
carbon bisulfide poisonings, mercury shakes, the 
changes of the vessels and as a rule the pareses 
as a result of lead poisoning. 

But if a man working with lead for many years 
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falls ill with lead colic, i.e., the subacute form of 


20- 
al lead poisoning, it is correct to suspect that he has 
of § recently absorbed an exceptionally large amount. 


The same cause — a larger amount of absorbed 


to poison — may also be considered in case a man 
ta- working with mercury for many years acquires 
en § gingivitis and diarrhea; and if serious blood 
er- change in a man working many years with benzol 
re- is not started by infectious disease, it is possible 
ser that it was caused by a larger recent absorption of 
eir | benzol. 
yn- Many animal experiments are at hand concern- 
ing concentration and duration of air contamina- 
cal tions which cause temporary or lasting injury — 
be but their application to man is either not feasible 
or to be done only very cautiously. 

There are important differences between the 
en different species of animals. The fatal concentra- 
ap- tion of carbon monoxide poisoning at 32° C. is 
ice above 0.12% by volume for the rat; above 0.25%, 
ol for the guinea pig and above 0.38% for the rabbit. 
ail Flury and Zernik’ tell us that cats, mice, rats are 
cal very sensitive to phosgene; dogs are less sensitive, 

of rabbit still less. Horses are less sensitive than 
ore human beings. When the driver died in gas at- 
It tacks during the World War, the horses sometimes 
nd showed only slight symptoms of poisoning. 
ere Our conclusions therefore on acute poisonings 
the have to be based preferably on the experiences we 
zol, have had with man. For chronic poisoning and 
lar damages the animal experiments fail entirely to 
ers be useful for our purpose because it is impossible 
nu- to determine the comparability of the time re- 
hs. quired for injury to develop in animal and in man. 
ove A study of conditions which may produce 
for chronic poisonings presents a number of difficul- 
lus- § ties. The contamination of the air can be deter- 
and mined during the whole working shift very well, 
Al- § but is it impossible to ascertain the circumstances 
for § under which the injurious material was absorbed 
, it during months and years gone by. 
the If it is admitted that the conditions affecting 
ngs. industrial health have improved in the course of 
yme years — which is true in general, but not in every 
the single case — or that the working time is short- 
ened, then the amount of injurious material ab- 
and § ‘orbed in a working day was larger in former times 
sen- than it is now. But it may also be that the damag- 
“ute | ing material is not used such a long time, as the 
lay; case history may tell us, or that its concentration 
da has been increased recently; such as unnoticed 
ven substitution of benzol for benzine or a benzine- 
benzol mixture, or substitution of lead for color 
n a containing little or no lead. 
-est- Therefore it must be remembered that all results 
hy- are approximate values only. But the most im- 
portant materials, especially in regard to their 
fter chronic poisonings (benzol, carbon disulfide, lead) 
nee have been studied with such thoroughness and 
cers, skill by our best industrial hygienists that the ob- 
a. tained figures are actually practicable as limits. 
s of But the observations about some other sub- 
the stances (cadmium, chlorine (chronic), dichlor- 
eses | Cthylene and many others) are too limited in 


number and not clear and reliable enough to make 
even partly safe conclusions. If figures about such 


Industrial Hygiene Section InpuSTRIAL MEDICINE 


Page 69 


substances are included in the list at all a mark 
of interrogation has to be added. 

The limits are approximate, not only on account 
of the difficulty of most of the observations, but 
also on account of differences in sensitivity of 
individual persons and on account of different 
amounts of the contaminated air absorbed by the 
worker under different circumstances. For in- 
stance, the worker when working hard inhales 
much more of the contaminated air (up to 50-60 
liters per minute) than when doing light work 
(8-10 liters per minute). 

But these lists of toxic limits give the practical 
industrial hygienist essential data for his work; 
they save laborious studies of literature and give 
him the results obtained by those carrying on 
research and basic investigation. Therefore we 
have to be thankful for the compilations of the 
limits by their authors. 

How are the “limits” to be utilized? For which 
purposes may they be used? What is their im- 
mediate practical advantage and when may they 
be applied? 


IRST of all: The limits strongly support the in- 

dustrial hygienist in arriving at an opinion as to 
whether the exposure is or is not excessive, and, 
if so, in convincing incredulous employers and 
engineers (under certain circumstances) that the 
contaminated air in their rooms is injurious even 
though the contamination cannot be readily seen 
or smelled. The data on the exposures, if properly 
substantiated, act as impartial arbitrators between 
the man recommending control measures and the 
man persisting in the present situation. 

The limits are useful in construction and testing 
exhaust systems. Naturally you will try to re- 
move every contamination of the air, because only 
that gives complete security. If that is not pos- 
sible, you must insist that the ventilation has at 
least such an effect as to reduce the exposure to 
less than the “allowable concentration” in the 
breathing zone. If that is impossible, you have to 
try to bring about hygienic conditions by changing 
the operation or by abandoning the use of the 
poisonous substance. 

I might indicate that exhaust ventilation seems 
to be considered too much as the principal remedy 
nowadays, as the respirator was considered some 
years ago though with much less foundation. 
Other procedures mentioned above are sometimes 
forgotten today, although they have attained great 
success in industrial hygiene. 

If the limits are used, it must be definitely as- 
certained that the evaluation of the contamination 
in the air is reliable. 

Because the testing devices are reasonably 
priced, easy to handle and because the methods of 
examination in laboratories are frequently: simpli- 
fied, there is (as remarked previously) the danger 
of unqualified men using them. Therefore the 
following has to be stressed: 

Serious acute poisonings, especially fatal ones, 
arise through unforeseen accidents — as leaking of 
vessels, pipe lines, or by unexpected formation of 
gases in larger amounts or by other abnormal 
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events. Also, by exceptional atmospheric condi- 
tions where the removal of gases is not effected by 
strong mechanically driven exhaust systems. 

A locksmith was found dead beside his forge fire 
where he had been seen working 20 minutes be- 
fore. As an exhaust pipe had been installed in 
this place and the man had worked here for 
many years, the technician thought a CO poison- 
ing impossible—the blood of the dead man how- 
ever was found to be saturated with CO. Abnor- 
mal cold and severe storms had interfered with 
the natural up-draft existing at other times. I 
have seen CO poisoning with unconsciousness in 
some working places of a large plant in presence of 
such abnormal weather; the workers had worked 
in these places without disturbance of health for 
months. 

I have seen poisonings by arsine as a result of 
using too strong an acid so that the solution was 
not neutralized; as a result of too much zinc pow- 
der being added; and as a result of an exhaust pipe 
being obstructed by the formation of foam. 

Such circumstances caused by abnormal acci- 
dental events cannot be investigated by air ex- 
amination because we do not know all contributing 
factors and therefore we are not able to reproduce 
these circumstances (to say nothing of the danger 
to the investigator). Therefore, as mentioned 


above, data about the deadly concentration would 
be of little practical value. 

In all other circumstances it is self evident that 
only numerous samples of air give a true picture 
of the existing conditions, if taken at different 


times and during different working processes and 
in the exact working place at the breathing level 
of the worker. Samples taken off-hand are with- 
out any value. 


HE investigator has to be certain that the 

working processes during the time of examina- 
tion are the same as at other times. The investigator 
can be misled intentionally or unintentionally. 
The occurrence of illness should of course induce 
the improvement of the working conditions. When 
we investigate we have to know if such changes 
have taken place or not. It is sometimes difficult 
to find that out. 

Another difficulty which may be overcome only 
by patience is the fact. that all persons concerned 
— even involuntarily — work more “according to 
prescription” if observers and supervisors are 
present. 

In addition it must be taken into consideration 
that little variations — produced intentionally or 
not — are able to change the whole picture; small 
changes hardly detectable in the process produce 
considerable differences in the amount of con- 
tamination in the air; season (open or closed win- 
dows), and weather also influence the picture. 

An electrolytic nickel plating bath delivers 
more hydrocyanic acid gas, a chrome plating bath 
more chromic acid mist, when the current is 
heavier or the treated objects larger. The amount 
of lead fumes depends, among other factors, on the 
temperature of the lead bath, the zinc oxide fumes 
on the temperature of the molten alloy. More 
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vapor escapes in an apparatus for degreasing by 
trichlorethylene if the trichlorethylene is heated 
more and if it is not cooled before emptying. The 
quantity of escaping vapors changes in the usual 
degreasing apparatus with the temperature of the 
water used in the cooling coil, with the size of the 
objects and their number and with the frequency 
and speed with which they are taken out. 

Ball mills pulverizing rock have often been sub- 
mitted to my inspection and I was shown they 
were working without escape of dust, — it was 
soon after loading large rock. But half an hour 
later, when the material has been reduced to fine 
powder, much dust was escaping into the breath- 
ing zone. 

‘9 give some examples of numerical differences: 
Dust concentrations found in my investigations in 
grinding shops‘ in the summer by the Owens dust 
counter have averaged between 600 and 1500 par- 
ticles per cm* in the same room, at the same speed 
of rotation of the sandstone wheels but grinding 
different kinds of knives. In winter, when the 
windows were closed, the figures ran up to 3700 
at the breathing level of the worker. In the air 
of the room in general the dust figures averaged 
to 560 in summertime, 3300 in winter. Bowditch 
and Elkins® found in the coating room of an arti- 
ficial leather factory on different days in March 
130-200 parts per million of benzol; concentra- 
tions of 300-1300 ppm of naphtha vapor were de- 
tected during the work done by one worker in a 
factory using rubber cement. Greenburg and cor- 
roborators found in a rotogravure printing plant 
50-1060 ppm of benzol in different parts of the 
press room. 

I think it is not necessary to stress that all the 
difficulties mentioned above have to be regarded 
especially if there is a compensation case, or if 
there is a question of negligence. 

Summarizing: A well-trained industrial hy- 
gienist only is able to make investigations in indus- 
trial hygiene and especially for answering the 
question, if, when or how often limits are trans- 
gressed; and besides he can answer only after a 
long-lasting and exact examination. 

It should never be forgotten, that all our limits 
have their origin from health examination of 
workers and that only from comparison between 
the results of these physical examinations and the 
content of contamination in the air do the limits 
result. All the mentioned uncertainties and diffi- 
culties can be avoided in many cases if we refer 
to this origin. If there is a danger of chronic 
poisoning the thorough investigation and examina- 
tion of the workers especially for early symptoms 
give us a sure answer in cases where the time is 
long enough for acquiring symptoms of chronic 
poisoning. 

We may also see if the contamination is able to 
produce acute poisoning by examining the workers 
at the end of the daily working time. 

A special consideration must be given to the 
question if and how far the results of air examina- 
tions and their relation to the limits are able to 
contribute in determining the occurrence of an 
occupational disease. 
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The question of whether there is an occupational 
disease presents itself as a medical question. A 
physician only is able to answer it after consider- 
ing all the clinical symptoms and after a thorough 
medical examination executed with all necessary 
aids. 

The clinical pictures (and the pathological one 
in the autopsy) of the more frequent occupational 
diseases (chronic poisonings by lead, mercury, 
benzol, silicosis, to some extent carbon disulfide, 
and certain acute poisonings as CO) have been 
studied so carefully and are so well established 
that the diagnosis can be made with greatest cer- 
tainty — by a physician experienced in this field 
as is the case with every other medical diagnosis. 

We have mentioned above the difficulties and 
uncertainties of air examinations. We cannot 
guarantee that the air contamination during the 
investigation was the same as in the time before 
the poisoning occurred. Therefore negative find- 
ings in air contaminations or findings below the 
limits are never able to shake such a positive medi- 
cal diagnosis though under certain circumstances 
it is possible that a former occupation may have 
been responsible for the disease. Positive findings 
on the other hand are able to support it. Further- 
more if we have a clinical picture that according 
to medical opinion does not correspond with the 
well known picture of this poisoning nor with 
signs of its rare varieties and therefore the physi- 
cian denies an occupational disease, then the find- 
ings of air contamination above the limits is no 
proof of a causal connection between the illness 
and the contamination; the illness may have or- 
iginated entirely independently of the contamina- 
tion because of an internal or another external 
cause. 

But there is another method which gives us an 
insight into the circumstances under which the ill 
man worked prior to his disability and which 
should be practiced in chronic poisonings if it can 
be done shortly after the beginning of his illness: 
The physical examination of the fellow-workers 
(still working, disabled and dismissed). If the 
symptoms of the same illness are found, it con- 
firms our diagnosis of the case in question. Nega- 
tive findings are of small value, because the sick 
man may have been more exposed to the damaging 
substance or may be more sensitive. 

In acute poisonings the examination of the 
fellow-workers should be made at the end of the 
shift. 

There is however, a long list of less explored 
substances (most at present rarely used), the 
clinical pictures of which are not clearly worked 
out as yet — nor are their toxic limits. We are 
able to conclude that there is a causal connection 
if certain substances are found in the air and con- 
temporarily symptoms of illness determined in a 
worker and if these symptoms agree with those 
mentioned in the literature as a consequence of 
this poison or if similar pictures are to be seen 
among the fellow-workers. 

But cases occur when a positive medical diag- 
nosis alone is not sufficient. For compensation 
cases and for prophylaxis it may be of greatest 


Industrial Hygiene Section INDUSTRIAL MEDICINE 


Page 71 


importance to know through which kind of work 
the illness is acquired. 

If the examination of the air fails to give exact 
proof, then all chemical and other processes should 
be subjected to the opinion of experienced experts 
in technology, chemistry and industrial hygiene. 
In such cases all the impurities possibly present 
in the substances used are to be considered. 

I wrote above “experienced physicians.” The 
universities (medical schools) should give better 
instructions to students of medicine in industrial 
hygiene and in occupational diseases. Especially 
in the latter field, there should be established 
short courses for physicians also. The legislation, 
the industrial commissions, the insurance com- 
panies, the employers and the employees should 
take advantage first of all of such trained physi- 
cians and thus give them occasion to acquire still 
greater experience. 


Summary 


O DEFINE toxic limits is of the greatest 
scientific and of the greatest practical value. 

2. It should be made evident whether the toxic 
limit applies to acute or chronic poisoning, if it is 
well founded or doubtful. 

3. The limits are valuable help in showing the 
necessity of prophylactic measures in a plant for 
the construction of new and for testing of existing 
installations. But the examinations should be 
made very carefully and by experienced industrial 
hygienists. In determining the severity of ex- 
posures resulting from existing installations, the 
medical examination of workers often gives a 
better insight. 

4. It is the field of medical diagnosis to ascer- 
tain the presence or absence of an occupational 
disease. This diagnosis made by an expert physi- 
cian cannot be shaken by a contrary result of air 
examination, but if this result is certainly repre- 
sentative of the worker’s exposure, it may point 
to the desirability of further investigations. 
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National Conference 
—of Governmental Industrial Hygienists— 


HE complete gamut of industrial hygiene is 
covered in the papers and committee reports 
of the Third Annual Meeting of the National 
Conference of Governmental Industrial Hygienists 
held at Bethesda, Maryland, April 30, May 1, 2, 
1940. The Transactions have been published and 
include, as a valuable entity in itself, the discus- 
sions on the subjects presented. Copies of these 
Transactions are available on application to Divi- 
sion of Industrial Hygiene, National Institute of 
Health, Bethesda, Maryland. 
The titles of the technical papers and reports of 
committees are given below. 


April 30, 1940—Morning Session 


PENING Remarks—Dnr. R. R. Sayers, Director, United 
States Bureau of Mines. 
Address of Welcome—Dr. THomas PARRAN, Surgeon- 
General, United States Public Health Service. 


April 30, 1940—Afternoon Session 


YMPOSIUM on Interdepartmental Relationships: 
“The Viewpoint of a State Health Department” — 
Lester A. Rounp, Director of Health, Rhode Island. 

“The Viewpoint of a State Industrial Commission”’— 
Tuurston A. Witson, Chairman, North Carolina Indus- 
trial Commission. 

“The Physician and the Industrial Hygiene Services”— 
Dr. C. M. Peterson, Secretary, Council on Industrial 
Health of the American Medical Association. 

“Relations of Official Industrial Hygiene Services with 
Industry”—Dr. C. D. Medical Consultant, Gen- 
eral Motors Corporation. 


May 1, 1940—Morning Session 


EDICAL SECTION: “A Physical Examination Pro- 
gram for Industrial Workers”—Dr. A. BREHM, 
Supervisor, Industrial Hygiene Unit, Wisconsin. 

“The Lead Hazard in the Storage Battery Industry”— 
Dr. Cart A. Nav, Director, Division of Industrial Hy- 
giene, Texas. 

“Industrial Health and the Industrial Medical Program” 
—Dr. KENNETH E. Marxkuson, Director, Bureau of 
Industrial Hygiene, Michigan. 

“Syphilis Case Finding and Case Holding in Industrial 
Workers”—Dr. ALBERT E. Surgeon in Charge, 
Syphilis Control in Industry, U. S. Public Health 
Service, Chicago. 

Non-Mepicat Section: “Applied Principles of Exhaust 
N. WIrTHERIDGE, Ventilation En- 
gineer, Bureau of Industrial Hygiene, Detroit, Michi- 
gan. 

“Problems in Industrial Hygiene Air Sampling’”—Dr. W. 
G. Freprick, Chief Chemist, Bureau of Industrial Hy- 
giene, Detroit, Michigan. 

“Methods of Analysis of Air- Borne Contaminants’”— 
ALFRED N. SETTERLIND, Chief Chemist, Division of In- 
dustrial Hygiene, Illinois. 


May 1, 1940—Afternoon Session 


NTRODUCTORY Remarks”—Dr. P. A. NEAL, Acting 
Chief, Division of Industrial Hygiene, U. S. Public 
Health Service. 

“Recent developments in Environmental Studies in In- 
dustry”—R. T. Pace, Associate Public Health Engineer, 
U. S. Public Health Service. 

“Remarks on the Research Laboratories of the Division 
of Industrial Hygiene”—Dr. P. A. Nrat, Acting Chief, 
Division of Industrial Hygiene, U. S. Public Health 
Service. 


INDUSTRIAL MEDICINE Industrial Hygiene Section 


October, 19 


“Recent Analytical Problems in Evaluating the Industrial 
Environment”—F. H. Gotpman, Associate Chemist, 
S. Public Health Service. 

“Pneumoconiosis Due to Certain Silicates”—-W. C. DREE 
SEN, Passed Assistant Surgeon, U. S. Public Health 
Service. 

“Protective Ointment for the Prevention of Poison I 

Dermatitis’”—Lovu1is Schwartz, L. H. WARREN, and F. E 
Go.tpman, Public Health Service. (Presented b 
Dr. Schwartz). 

“The Relative Toxicity of Lead and Some of Its Common 
Compounds”—LAwrENCE T. FAIRHALL, Principal Indus 
trial Toxicologist, U. S. Public Health Service. : 

“Recent Studies and Theories on the Mechanism of the 
Action of Carbon Monoxide Poisoning”—W. F. von 
OETTINGEN, Principal Industrial Toxicologist, U. §, 
Public Health Service. 

“Fatigue and Hours of Service of Interstate Truck Driv: 
ers”’—R. H. Fiinn, Passed Assistant Surgeon, U. 
Public Health Service. 


May 2, 1940—Morning Session 


|S epryed of Committee to Study Methods of Appraisal 

of Industrial Hygiene Problems in a Locality, 1939- 

1940”—Dr. Crit Parris, Chairman. 

“Report of Committee on Technical Standards”—THEOoDOR 
Hatcu, Chairman. 

“Report of Committee on Industrial Hygiene Education” 
Dr. Cart A. Nau, Chairman. 

“Report of Committee to Study Methods for Securin 
Effective and Uniform Reporting of Occupational Dis 
eases and Other Illnesses Among Workers”—Dr. J. 
McDonatp, Chairman. 

“Report of Committee on Administrative Development oa 
Industrial Hygiene Activities in the State Through Lo 
Departments of Health—Dnr. K. F. Marxuson, Chairmar 

“Report of Committee on Administrative and Techni 
Relationships”—Dr. ALBERT S. Gray, Chairman. 

“Proposed Recommendations for the Installation and Safé 
Operation of Dry Cleaning Systems Using Chlorinate 
Solvents”— 

“Report of Committee on Minimum Qualifications fa 
Industrial Hygiene Personnel” — J. J. BLOOMFIE 
Chairman. 

“Report of Committee on Appraisal and Uniform Report: 
ing of Industrial Hygiene Activities”—J. J. BLOooME 
Chairman. 


Data on Industrial Hygiene: 


—First Call for Papers for the Annual © 
Meeting— 


RIGINAL research in the various phases a 
QO industrial hygiene and results of investig 
tions of occupational. disease exposure 
which have not yet been brought to light are o 
value to others working in this field. The Annué 
Meeting of the American INDUSTRIAL HYGIENE A 
SOCIATION—to be held the week of May 5, 1941, 
Pittsburgh, Pennsylvania—affords an opportuni 
to present papers on these subjects before a grow 
which is most concerned with such development 
In an effort to provide a balanced program @ 
high quality papers, the Program Committee 
quests the cooperation of Association members. 
you are at present engaged in work or know ¢ 
work being done which should be reported at o 
meeting, will you communicate at once with Go 
pon C. Harrop, Ph.D., Industrial Hygiene Labor 
tory, Chrysler Corporation, 7900 Joseph Campai 
Avenue, Detroit, Michigan, who is Secretary ¢ 
the Association. 
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